The interaction between slow highly-charged ions (SHCI) of different charge states from an electron-beam ion trap and highlyoriented pyrolytic graphite (HOPG) surfaces is studied in terms of modification of electronic states at single-ion impact nanosize areas. Results are presented from AFM/STM analysis of the induced-surface topological features combined with Raman spectroscopy. I-V characteristics for a number of different impact regions were measured with STM and the results argue for possible formation of diamond-like nanoscale structures at the impact sites.
Abstract
The interaction between slow highly-charged ions (SHCI) of different charge states from an electron-beam ion trap and highlyoriented pyrolytic graphite (HOPG) surfaces is studied in terms of modification of electronic states at single-ion impact nanosize areas. Results are presented from AFM/STM analysis of the induced-surface topological features combined with Raman spectroscopy. I-V characteristics for a number of different impact regions were measured with STM and the results argue for possible formation of diamond-like nanoscale structures at the impact sites.
I. Introduction
The fabrication of surface nanostructures is of paramount importance in the constantly developing areas of nanotechnology. It is only recently that the unique qualities of slow highly-charged ions are being appreciated and make these ions an exceptional means for studying nanostructuring surfaces 1, 2 ions/s) and total fluences were of the order of 100 ions per µm -2 .
The HOPG samples were cleaved by adhesive conducting tape in order to expose atomically flat terraces necessary for the subsequent AFM/STM analysis.
After SHCI irradiation the samples were transferred in air to an AFM for imaging of the impact sites. They were then transported to an annealing furnace and annealed in a hydrogen atmosphere at 650 °C for 40 min. Subsequent imaging analysis and conductivity measurements were performed using AFM and STM after annealing. The analysis of the defects was complemented by micro-Raman spectroscopy in order to assess the implantation damage before and after annealing and to characterise the nature of the induced nanostructures.
ACCEPTED MANUSCRIPT
Morphological studies of the surface nanostructures at the ion impact sites were carried out using a di-Dimension 3100 and a di-CPII Veeco AFM/STM instrument. AFM imaging was performed in non-contact mode while STM imaging was performed using a 5 µm scanner.
III. Results and discussion
Non-contact AFM analysis shows the formation of nanometresized surface structures embedded in HOPG upon single, highlycharged ion impacts. These nanostructures are formed for all types and charge states of ions used. A typical image of such nano-dots is shown in Fig. 1 . ACCEPTED MANUSCRIPT Fig. 3 shows a topological map of surface nano-defects taken with non-contact AFM of an exposed area to Sb 18+ after annealing at 650 °C in hydrogen atmosphere. I-V characteristics for a number of different impact regions exposed to all different types and charge states of ions used were measured by using scanning tunnelling microscopy (STM). Fig.4 shows an STM image of such nano-defects induced by Sb 22+ .
ACCEPTED MANUSCRIPT
After zooming into an impact region, I-V curves were obtained for several points around and across a few identified nanostructures. Here the surface treatment was achieved by annealing the sample at 650 °C in a hydrogen atmosphere. 
IV. Conclusions
The interaction of highly-charged ions with charged states between With the recently developed single-ion implantation techniques 26, 20 it becomes possible to form ordered arrays of nanodiamond (nanodiamond-like) structures which could be used in many interesting applications. We are particularly interested in forming such optically active nanodiamond centres to be used in quantum information systems for quantum cryptography or computing in connection with the Ni-N and N-V defect centres 19 .
